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1
REDUCING POWER CONSUMPTION AND
WAKEUP LATENCY IN SSD CONTROLLERS
BY NOT RESETTING FLASH DEVICES

This application relates to U.S. Provisional Application
No. 61/831,317, filed Jun. 5, 2013, which is hereby incorpo-
rated by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to storage devices generally and,
more particularly, to a method and/or apparatus for reducing
power consumption and/or wakeup latency in an SSD device
by not resetting flash devices.

BACKGROUND

In order to reduce power consumption, conventional Solid
State Drive (SSD) controllers power down portions of the
controller when they are not in use. When the flash control
logic and/or I/O processing are powered down, the flash inter-
face is left in an unknown or undesirable state. From a func-
tional perspective, the power down operations are benign.
However, a reset of the flash devices is needed to ensure
proper operation when the logic is powered back up. Such a
reset operation is both power and time intensive.

SUMMARY

The invention concerns an apparatus comprising a memory
and a controller. The memory processes a plurality of read/
write operations. The controller (i) operates in a first power
domain to control power savings operations, and (ii) pro-
cesses the read/write operations in a second power domain.
The first power domain is isolated from the second domain.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the invention will be apparent from the
following detailed description and the appended claims and
drawings in which:

FIG. 1 is a block diagram of a context of embodiments of
the invention;

FIG. 2 is a diagram of a bus keeper implementation in a
power domain different than the flash control logic;

FIG. 3 is a diagram of an implementation showing high and
low isolation; and

FIG. 4 is a diagram illustrating examples of the various
flash control signals.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention include a circuit and/or
method to reduce power consumption and/or wakeup latency
inan SSD device that (i) implements a controller that does not
reset the flash devices when entering and/or exiting a lower
power state, (ii) provides a first power domain to control
power savings operations and a second power domain to
process read/write operations, (iii) allows the logic which
drives flash I/Os to be powered off and on without causing the
flash devices to be reset and/or (iv) provides one or more
isolating I/O cells.

Referring to FIG. 1, a block diagram of an example appa-
ratus 50 is shown. The apparatus 50 generally comprises a
block (or circuit) 60, a block (or circuit) 70 and a block (or
circuit) 80. The circuit 70 may include a circuit 100. In one
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2

example, the circuit 100 may be a memory/processor config-
ured to store computer instructions (or firmware). The
instructions, when executed, may perform a number of steps.
In another example, the circuit 100 may be implemented as a
flash control logic circuit. The controller 70 may also include
apower control module 110 (to be described in more detail in
connection with FIGS. 2 and 3). The power control module
110 may be implemented as part of the logic circuit 100 or as
a separate module. In one example, the power control module
110 may be implemented as hardware (e.g., a number of logic
gates, such as a state machine). In the example where the
power control module 110 is part of the firmware 100, provi-
sions to power down portions of a domain controlled by the
firmware 100 that are not related to power control may be
provided.

A signal (e.g., REQ) may be generated by the circuit 60.
The signal REQ may be received by the circuit 70. The signal
REQ may be a request signal that may be used to access data
from the circuit 80. A signal (e.g., I/O) may be generated by
the circuit 70 to be presented to/from the circuit 80. The signal
REQ may include one or more address bits. A signal (e.g.,
DATA) may be one or more data portions presented (or
received) to (or from) the circuit 60.

The circuit 60 is shown implemented as a host circuit. The
circuit 70 reads and writes data to and from the circuit 80. The
circuit 80 is generally implemented as a nonvolatile memory
circuit. The circuit 80 may include a number of modules
82a-82n. The modules 82a-821» may be implemented as
NAND flash chips. In some embodiments, the circuit 80 may
be aNAND flash device. In other embodiments, the circuit 70
and/or the circuit 80 may be implemented as all or a portion of
a solid state drive 90 having one or more nonvolatile devices.
The circuit 80 is generally operational to store data in a
nonvolatile condition. When data is read from the circuit 80,
the circuit 70 may access a set of data (e.g., multiple bits)
identified in the signal REQ. The signal REQ may request
data from the drive 90 or from one of a number of additional
storage devices (e.g., 90n, etc.).

In some embodiments, the circuit 80 maybe implemented
as a single-level cell (e.g., SLC) type circuit. An SLC type
circuit generally stores a single bit per memory cell (e.g., a
logical 0 or 1). In other embodiments, the circuit 80 may be
implemented as a multi-level cell (e.g., MLC) type circuit. An
MLC type circuit is generally capable of storing multiple
(e.g., two) bits per memory cell (e.g., logical 00,01, 100r 11).
In still other embodiments, the circuit 80 may implement a
triple-level cell (e.g., TLC) type circuit. A TLC circuit may be
able to store multiple (e.g., three) bits per memory cell (e.g.,
alogical 000, 001,010,011,100,101, 1100r 111). In general,
the controller 70 may include an erase/program unit that may
implement redundancy across the modules 82a-82n. For
example, multiple blocks may be read from multiple dies
82a-82n. An erase/program unit may be implemented as part
of the circuit 100.

The SSD drive 90 contains multiple NAND Flash dies (or
memory modules) 82a-82x. The dies 82a-82r may operate to
read or to write concurrently. The read and write bandwidth
depends on how many of the dies 82a-82#» are implemented,
as well as the bandwidth of each of the dies 82a-82x. If the
SSDdrive 90 receives a host command, in order to achieve the
best performance, and/or to address wear leveling issues, the
drive may walk through all of the dies 82a-82% (e.g., a first
page of DIEO, DIE1 . . . DIEn, then a next page of DIE0).

The controller 70 allows the flash control logic 100 to be
powered down and back up without resetting the flash devices
824-82n. The controller 70 avoids a reset of the flash devices
82a-82n by maintaining the state of the flash control signals,
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or a subset of the flash control signals, when the driving logic
of the firmware 100 is powered down. In one example, the
controller 70 implements a bus keeper operation. In another
example, the controller 70 implements isolation features
within the flash I/O cells.

In the case of using flash /O cells with bus keeper func-
tionality, each of the flash I/O cells (e.g., cells within the
controller 70 providing a connection to the memory 80) main-
tains a previous state of a corresponding I/O pad when the bus
keeper functionality is enabled. The bus keeper control logic
may be implemented as part of the power control module 110.
The power control module 110 may operate in a power
domain other than the power domain of the flash control logic
100 to allow the bus keeper feature to remain enabled when a
majority of the flash control logic 100 is powered off. Moving
the state of the control signals between the flash I/O cells and
the flash devices 82a-82# to an idle state before enabling the
bus keeper function allows the flash control logic 100 to be
powered off (e.g., to a low power consumption state) and
powered back on without resetting the flash devices 82a-82n.

In the case of using flash I/O cells implementing an isola-
tion function, a combination of high isolating and low isolat-
ing flash 1/O cells may be used. High isolating cells drive a
respective 1/0 pad high when isolation is asserted. Low iso-
lating cells drive a respective I/O pad low when isolation is
asserted. Having the isolation control logic 110 in a power
domain other than the flash control logic 100 may allow the
isolation feature to remain enabled when the flash control
logic 100 is powered off. The high and low isolating cells are
instantiated such that when isolation is enabled the isolating
cells drive the flash interface control signals to an idle state.
Moving the state of the control signals between the flash I/Os
and the flash device 80 to the same idle state before enabling
isolation allows the flash control logic 100 to be powered off
and back on, without resetting the flash devices 82a-82n.

Referring to FIG. 2, an example of an implementation of
the controller 70 using a number of flash 1/O cells with bus
keeper functionality is shown. The controller 70 generally
comprises the block (or circuit) 110, a block (or circuit) 112,
and a block (or circuit) 114. The circuit 110 may be imple-
mented as a bus keeper control logic. The circuit 110 may be
implemented in a power domain different from the flash con-
trol logic 100. The flash control logic 110 may be imple-
mented in a switched power domain. The block 114 generally
comprises a number of flash /O cells 1204-120%. A number
of I/O pads 130a-130% are also shown.

In the example implementation of FIG. 2, the flash /O cells
120a-1207 are shown implemented with the bus keeper func-
tion. In one example, the bus keeper function may be imple-
mented in the power control module 110. In another example,
the flash 1/O cells 1204-1207 automatically enable the bus
keeper function when power is removed from the flash control
logic 112. The control circuit 110 may drive an input (e.g.,
BK) on one or more of the I/O cells 120a-120# to enable the
bus keeper functionality.

The signals between flash control logic 100 and the flash
1/0 cells 120a-1207 are shown illustrating a general interface.
The 1/0 cells 120a-120% are each shown having a data out
port (e.g., D), an output enable port (e.g., OF) and a data in
port (e.g., Q). The data out port D may present a signal with a
value that may be used to drive one of the pads 130a-130x
when writing data to flash device 80. Different names of the
data out port may be implemented. For example, other com-
monly used names may be “A” and/or “I”’. The output enable
port OE may control the direction of data to/from the flash /O
cells 120a-1207. In one example, the output enable OF may
be an active high or an active low signal received at an input
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of'each of the I/O cells. When the signal OE is asserted, one
of the I/O cells 1204-1207 will drive the value of “D” to a
respective one of the pads 1304-1307. While the signal OF is
shown, other names, such as OEN are also commonly used
(e.g., if the output enable is active low). The data in port Q is
shown representing a value of one of the pads 130a-130%. The
value Q may be used to send data read from flash device 80
back to the flash controller 100 (e.g., the circuit 90). While the
value Q is shown, other commonly used names include X, Z,
O, and/or C.

Referring to FIG. 3, an example of an implementation
using the flash I/O cells 120a-1207 implemented with a high
and low isolation function is shown. The I/O cell 120q is
shown implemented as a high isolating flash I/O cell. The
flash cell I/O 1205 is shown implemented as a low isolating
flash I/O cell. The particular number of high isolating cells
and low isolating cells may be varied to meet the design
criteria of a particular implementation.

The isolation control logic 110" may be implemented in a
power domain different from the power domain 112 flash
control logic 100. For example, the flash control logic 100 is
shown implemented in a switched power domain 112. A high
isolating I/O cell 1204 and a low isolating I/O cell 1205 are
shown implemented in the flash /O power domain 114. In
one example, the isolation control logic may be implemented
in the block 110'. In another example, the flash /O cells
120a-12072 may automatically drive respective I/O pads
130a-130% to high or low state when power to the flash
control logic 100 is turned off. The circuit 110' may drive an
input (e.g., ISOH, ISOL, etc.) on one or more of the flash [/O
cells 120a-120x.

In another alternative implementation, the flash /O cells
120a-1207 may be implemented without an isolation func-
tion. In such an example, isolation logic may be implemented
in a power domain other than the power domain containing
the flash control logic.

For the I/O cells 120a-120#% operating in bus keeper mode
(e.g., FIG. 2), an input named BK is shown. When asserted, a
signal received at the input BK will cause one of the /O cells
120a-120# to drive one of the I/O pads 130a-130# to what-
ever value the pad happened to be at when the signal BK is
asserted. For the I/O cells 1204-120% operating in isolation
mode (e.g., FIG. 3), instead of remembering the previous
state of a respective one of the pads 1304-130#, two different
cells are used. The I/O cells 1204-120# are shown having an
isolation control input (e.g., ISOH), which when asserted,
will cause the respective /O cell 120a-120% to drive a prede-
termined value (e.g., high or low). In the example shown, the
names ISOH and ISOL are used. However, other names may
be used, with the type of /O cell implemented (e.g., high
isolating or low isolating) being instantiated. In another
example, a generic isolating I/O cell may be implemented,
where a predetermined value is presented as an input to the
cell, then tied to either a constant high or constant low.

Referring to FIG. 4, a diagram of'the controller 70 is shown
connected to the flash devices 80. A number of control signals
RE_N,RE_C,ALE,CLE, CE_N, and WE_N are shown. The
flash I/O cells 120a-120% are shown connected to the [/O pads
130a-1307, which send the control signals to the flash devices
80.

The flash devices 82a-82n typically receive one or more of
the following set of flash control signals RE_N/RE_C, ALE,
CLE, CE_N, and/or WE_N from the I/O pads 130a-130z.
One way to maintain the idle state on the flash interface is to
drive the flash control signals as follows:

1. RE_N—high/RE_C—LOW

2. ALE—LOW
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3. CLE—LOW

4. CE_N—HIGH

5. WE_N—HIGH

In general, the signal RE_C is present on the flash devices
82a-82n which use a differential read enable. In general, it is
not necessary to drive all of the flash control signals RE_N,
RE_C, ALE, CLE, CE_N, and/or WE_N to the described
values to achieve the idle state. For example, driving the
signal CE_N to a high state may achieve the idle state.

In the isolation example, when one of the signal ISOH
and/or the signal ISOL is asserted, the flash I/O cells 120a-
120 should be driven to an idle state. When one of the signals
ISOH and/or ISOL is asserted, some of the flash control
signals will drive low, such as the signal ALE and/or the signal
CLE. The signal CE_N and/or the signal WE_N will normally
drive high when the signal ISOH is asserted. When one of the
signals ISOH and/or ISOL is not asserted, the flash control
logic normally has control of the 1O cells 120a-120x.

The terms “may” and “generally” when used herein in
conjunction with “is(are)” and verbs are meant to communi-
cate the intention that the description is exemplary and
believed to be broad enough to encompass both the specific
examples presented in the disclosure as well as alternative
examples that could be derived based on the disclosure. The
terms “may” and “generally” as used herein should not be
construed to necessarily imply the desirability or possibility
of omitting a corresponding element.

The functions performed by the diagrams of FIG. 3 may be
implemented using one or more of a conventional general
purpose processor, digital computer, microprocessor, micro-
controller, RISC (reduced instruction set computer) proces-
sor, CISC (complex instruction set computer) processor,
SIMD (single instruction multiple data) processor, signal pro-
cessor, central processing unit (CPU), arithmetic logic unit
(ALU), video digital signal processor (VDSP) and/or similar
computational machines, programmed according to the
teachings of the specification, as will be apparent to those
skilled in the relevant art(s). Appropriate software, firmware,
coding, routines, instructions, opcodes, microcode, and/or
program modules may readily be prepared by skilled pro-
grammers based on the teachings of the disclosure, as will
also be apparent to those skilled in the relevant art(s). The
software is generally executed from a medium or several
media by one or more of the processors of the machine imple-
mentation.

The invention may also be implemented by the preparation
of ASICs (application specific integrated circuits), Platform
ASICs, FPGAs (field programmable gate arrays), PLDs (pro-
grammable logic devices), CPLDs (complex programmable
logic devices), sea-of-gates, RFICs (radio frequency inte-
grated circuits), ASSPs (application specific standard prod-
ucts), one or more monolithic integrated circuits, one or more
chips or die arranged as flip-chip modules and/or multi-chip
modules or by interconnecting an appropriate network of
conventional component circuits, as is described herein,
modifications of which will be readily apparent to those
skilled in the art(s).

The invention thus may also include a computer product
which may be a storage medium or media and/or a transmis-
sion medium or media including instructions which may be
used to program a machine to perform one or more processes
or methods in accordance with the invention. Execution of
instructions contained in the computer product by the
machine, along with operations of surrounding circuitry, may
transform input data into one or more files on the storage
medium and/or one or more output signals representative of a
physical object or substance, such as an audio and/or visual
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6

depiction. The storage medium may include, but is not limited
to, any type of disk including floppy disk, hard drive, mag-
netic disk, optical disk, CD-ROM, DVD and magneto-optical
disks and circuits such as ROMs (read-only memories),
RAMs (random access memories), EPROMs (erasable pro-
grammable ROMs), EEPROMs (electrically erasable pro-
grammable ROMs), UVPROM (ultra-violet erasable pro-
grammable ROMs), Flash memory, magnetic cards, optical
cards, and/or any type of media suitable for storing electronic
instructions.

The elements of the invention may form part or all of one or
more devices, units, components, systems, machines and/or
apparatuses. The devices may include, but are not limited to,
servers, workstations, storage array controllers, storage sys-
tems, personal computers, laptop computers, notebook com-
puters, palm computers, personal digital assistants, portable
electronic devices, battery powered devices, set-top boxes,
encoders, decoders, transcoders, compressors, decompres-
SOrs, pre-processors, post-processors, transmitters, receivers,
transceivers, cipher circuits, cellular telephones, digital cam-
eras, positioning and/or navigation systems, medical equip-
ment, heads-up displays, wireless devices, audio recording,
audio storage and/or audio playback devices, video record-
ing, video storage and/or video playback devices, game plat-
forms, peripherals and/or multi-chip modules. Those skilled
in the relevant art(s) would understand that the elements of the
invention may be implemented in other types of devices to
meet the criteria of a particular application.

While the invention has been particularly shown and
described with reference to embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made without departing from the
scope of the invention.

The invention claimed is:

1. An apparatus comprising:

a memory; and

a controller in communication with said memory, the con-

troller comprising a first portion configured to operate in
a first power domain and a second portion configured to
operate in a second power domain isolated from the first
power domain, the first portion comprising an input/
output (1/O) cell operating in the first power domain, the
second portion comprising an 1/O pad operating in the
second power domain and corresponding to the I/O cell,
the first portion further configured to control power sav-
ing operations and use the /O cell to maintain a previous
state of the I/O pad, and the second portion of the con-
troller further configured to process read/write opera-
tions to/from said memory.

2. The apparatus according to claim 1, wherein said second
power domain is configured to be powered down and powered
up while said first power domain remains powered up.

3. The apparatus according to claim 2, wherein said
memory comprises a plurality of memory modules, wherein
said apparatus reduces power by powering down the second
power domain without resetting the plurality of memory
modules.

4. The apparatus according to claim 1, wherein (i) said
controller further comprises a plurality of /O cells, (ii) each
of'said 1/0 cells has a corresponding I/O pad, and (iii) each of
said I/O cells maintains a previous state of said corresponding
1/O pad.

5. The apparatus according to claim 4, wherein said appa-
ratus operates in a bus keeper mode.

6. The apparatus according to claim 4, wherein one or more
of said plurality of said I/O cells comprises an isolation cell.
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7. The apparatus according to claim 6, wherein said one or
more of said plurality of said isolation cells are configured to
drive a respective one of said /O pads to a low state when
isolation is asserted.

8. The apparatus according to claim 6, wherein said isola-
tion cell is configured to drive a respective one of said I/O
pads to a high state when isolation is asserted.

9. The apparatus according to claim 3, wherein said plu-
rality of memory modules comprise flash memory modules.

10. The apparatus according to claim 1, wherein said
memory comprises a plurality of memory modules, and
wherein each memory module of said plurality of memory
modules has a size less than a total size of said memory.

11. The apparatus according to claim 1, wherein said con-
troller comprises a solid state drive (SSD) controller.

12. The apparatus according to claim 4, wherein each of
said I/O cells operate in said first power domain and said
corresponding 1/O pad operates in said second power domain.

13. The apparatus according to claim 12, wherein main-
taining said previous state of said corresponding I/O pad
includes maintaining a state of one or more control signals
communicated between said I/O cells and said corresponding
1/0 pad, wherein said power saving operations comprise
removing power from said second portion of said controller,
and wherein each of said I/O cells are configured to automati-
cally maintain said previous state of said corresponding /O
pad when power is removed from said second power domain.

14. An apparatus comprising:

an interface configured to communicate a plurality of read/
write operations to/from a memory, the interface com-
prising:

a control circuit comprising a first portion configured to
operate in a first power domain and a second portion
configured to operate in a second power domain isolated
from the first power domain, the first portion of the
control circuit further configured to control power sav-
ing operations, and the second portion of the control
circuit further configured to process said plurality of
read/write operations for said interface; and
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an input/output (I/O) cell that operates in the first power
domain and maintains a previous state of a correspond-
ing I/O pad when a power saving operation is enabled,
and wherein said 1/0 pad operates in said second power
domain.
15. The apparatus according to claim 14, further compris-
ing a first logic circuit and a second logic circuit, wherein said
first portion of said controller includes said first logic circuit
and said second portion of said controller includes said sec-
ond logic circuit, and wherein said second power domain is a
switched power domain allowing said first logic circuit to
switch power provided to said second logic circuit off and on
without resetting the memory.
16. The apparatus according to claim 15, wherein said first
portion of said controller maintains a state of said second
portion of said controller, wherein the state maintained is a
state of one or more control signals prior to switching off
power to the second logic circuit.
17. A method for reducing power consumption in a drive
controller, comprising the steps of:
operating a first portion of a controller in a first power
domain to control power saving operations, the first
portion comprising an input/output (1/0) cell;

operating a second portion of said controller in a second
power domain to process read/write operations to/from a
memory, the second portion comprising an I/O pad cor-
responding to the I/O cell, wherein said first power
domain is isolated from said second power domain; and

maintaining a previous state of the I/O pad with the /O cell
when a power saving operation is enabled.

18. The method according to claim 17, wherein said
method reduces a wakeup latency when processing said plu-
rality of read/write operations resumes after the second por-
tion of the controller exits a low power state.

19. The method according to claim 17, wherein said
method is implemented in a solid state drive (SSD) controller.

20. The method according to claim 17, wherein said
memory comprises a flash memory.
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